This article deals with overview of Turkey's coal necessity, reserves and utilization. Turkey is rapidly growing in terms of both its economy and its population. In parallel, its demand for energy, particularly for electricity, is increasing. Turkey possesses fossil fuel resources of hard coal (HC) and lignite (LG) have the greatest importance in energy production and for the national economy. The hard coal and lignite reserves of Turkey are 1.126 and 8.375 millions tons(Mt), respectively. Coal, the major fuel source for turkey utilized mainly for electric power, steel manufacturing and cement production, amounts to 31% of total energy consumption in Turkey. To sum up, providing the total consumption is taken into account in the Middle East, the coal consumption rate of Turkey is approximately 90% of the consumption in this region.
I. INTRODUCTION
Energy is considered to be a prime agent in the wealth generation and also a significant factor in economic development. The importance of energy in economic development has been recognized universally; the historical data attest to a strong relationship between the availability of energy and economic activity (Kaygusuz, 2003) .
World primary energy consumption grew relatively strong, by 2.9% in 2003, which is well ahead of the 10 years growth trend of 1.4% per annum. In terms of primary energy mix, coal increases its share from 24.5% in 2001 to 25.5% in 2002, entirely at the cost of oil, whose share dropped to 37.4% in 2002 37.4% in (Kilic, 2006 . Share of other fuels, natural gas, and nuclear and other energy remained more or less the same, at 24. 3%, 6.5% and 6.3% in 2002 (Kilic, 2005) .
Total recoverable reserves of coal around the world are estimated to be 0.9845 billion tons which is enough to last approximately 220 years at current consumption levels (Table 1) . Although coal deposits are widely distributed, 60% of the world's recoverable reserves are located in three countries: the United States, 25%; former developing world, the use of coal in the household, for heating and cooking, is also important (WCI, 2004) . According to WCI 2004 data, thermal coal has grown by about 7% per annum over the last 20 years. Coal is generally the only alternative when low-cost, cleaner energy sources are inadequate to meet increasing energy demand. Developing countries utilize about 55% of the world's total coal today. This percentage is expected to increase to 65% over the next 15 years. In 2050, coal will account for more than 20% of the world's primary energy (Balat and Ayar, 2004) .
Turkey produced 48.18 million short tons and consumed 63.54 million short tons in 2003. Coal consumption amounted for 31% of total energy consumption in Turkey (MENR, 2004) .
II. ENERGY PRODUCTION AND CONSUMPTION IN TURKEY
Turkey's natural energy resources are quite diversified; hard coal, lignite, asphaltite, oil, natural gas, hydro, geothermal, wood, animal and plant wastes, solar and secondary energy resources, such as coke and briquettes are produced and consumed (Demirbas, 2001) .
Turkey produces its energy by using various kinds of resources. However, as of 2003, total domestic production meets about 28.5% of total energy demand. Furthermore, according to the predictions of the World Energy Council (WEC), this percentage will decrease to 28% in 2010 and 24% in 2020. Therefore, the country will import more energy.
In 2003, total primary energy consumption was 83.80 Mtoe. The largest percentage of consumption, 41%, belonged to oil, followed by a combination of lignite and hard coal at 26.9% and natural gas at 20%. On the other hand, Turkey's primary energy production was 23.81 Mtoe in 2003. The Turkish coal sector, which includes hard coal as well as lignite, accounts for nearly one half of the country's total primary energy production, with lignite being the main domestic energy source at 9.85 Mtoe in 2003. 
III. TURKISH COAL RESERVES AND THEIR CHARACTERISTICS
The geological history of the principal geosynclines situated in between the old blocks begins with depressions in the middle Paleozoic, which have remained under sea continuously or intermittently until recent geological times. Consequently, sedimentary formations cover nearly seven tenths of Anatolia, whereas the metamorphic, igneous, and ultra basic rocks and effusive lavas coming through their weak zones account for only three tenths of the country. Although the effusive lavas extend over large areas, they are mostly napes covering sedimentary rocks. The abovedescribed geology of Turkey has resulted in the formation of very large mineral reserves. Turkey's major minerals include borates, chromites, magnesite, glass, ceramics, cement raw materials, marble, granite, perlite, pumice, bentonite, celestite, sodium sulfate, salt, and LG and HC among fossil fuels (Karayazici, 2002) . In Turkey, terrestrial Tertiary reserves with coal bearing potential cover approximately 110.000 km 2 . This area has been examined by the Turkish General Directorate of Mineral Research and Exploration, and an area of 41723 km 2 that appeared to be the most promising for coal mining has been geologically mapped (in scales of 1/25.000 and 1/10.000) and checked by drill holes with a total length of more than 1.212.000 m. Drill-hole intervals lies between 50 and 2650 m. After detailed studies, the extent of the coal-bearing formations was determined to be about 1473,9 km 2 . The thickness of coal seams lies between 0,05 and 87 m, with a maximum depth of coal seam from surface being 828 m (Tuncalı and Ocakoǧlu, 1995; Gokmen et al., 1993) .
Turkey's coal reserves in 2004 are shown in Table 4 . As it can be seen in this table, Turkey has mainly both HC and LG reserves. The HC is abundant in and around Zonguldak which has more than 428 Mt of proven reserves. In addition, it is estimated that approximately 20 Mt reserves may be found in the Toros Mountains and in the Diyarbakir province (WECTNC, 2004) . The map describing the coal reserves of Turkey is presented in Figure 1 . Rich LG deposits are spread all over the country. The most important reserves are in the Afsin-Elbistan, Mugla, Soma, Tuncbilek, Seyitomer, Beypazari, and Sivas regions. Total LG reserves are estimated to be about 8.375 Mt as of 2004. Table 5 and Figure 1 illustrate the distribution of the Turkish LG reserves by region (MENR, 2004 ).
Turkey's asphaltite reserves are located in the Southeast Anatolia region, in Sirnak and Silopi Basin, which has 82 Mt of total reserves, about 55% of which is economically feasible (Sari and Soytas, 2004) .
The main bituminous shale reserves of Turkey are in the Beypazari, Goynuk, Seyitomer, Ulukisla, and Bolu regions, while total reserves are estimated to be 1.641 Mt. The General Directorate of Mineral Research and Exploitation (MTA) completed bituminous shale explorations since a substantial portion of Turkey's bituminous shale potential has already been determined (SPO, 2004 ). There are a large variety of LG reserves in Turkey. They differ in their contents of moisture, flash, sulfur, calorific value, etc. The large quantity of LG with low quality is abundant. Only 14% of Turkey's coal reserves have moisture content below 20%. The average rate of moisture content is 40% in all LG reserves. Reserves bearing low ash contents are not abundant. About 69% of Turkey's LG reserves consist of the LGs with a LHV of 8374 kJ/kg, as seen in Table 6 . Better quality LG of over 12561 kJ/kg only accounts for approximately 7%. The sulfur rate ranges from 1% to 6% (Kural, 1999) . The chemical characteristics of Turkish lignites are given in Table 7 .
Air pollution from energy utilization in Turkey is due to the combustion of lignite. Coal combustion produces several types of emissions that adversely affect the environment, particularly ground-level air quality. Concern for the environment contributed and will contribute to policies that are related to the consumption of coal and other fossil fuels. The main emissions from coal combustion are sulfur dioxide (SO 2 ), nitrogen oxides (NO x ), particulates (PM), and carbon dioxide (CO 2 ) (EIA, 2002). The rapid growth of electric consumption and the increasing use of domestic lignite, in particular SO 2 emissions have increased rapidly in recent years in Turkey. A total of 2.1 Mt of SO 2 was formed depending on energy consumption in 2001. The major source of SO 2 emission is the power sector, contributing more than 50% of the total emission (SIS, 2003) . At the present time, coal is responsible for 30-40% of world's CO 2 emissions. Turkey has the lowest energy related CO 2 emissions per capita among the International Energy Agency (IEA) countries (Demirbas, 2003) . Energy-related CO 2 emissions from coal and its products decreased between 1995 and 2003, while those from natural gas increased over the same period. Coal was the largest source of CO 2 emissions, accounting for 49.1% of Turkey's total emissions in 2003, followed by oil at 44.4% and natural gas at 11.8 (WECTNC, 2004) .
IV. UTILIZATION OF COAL IN TURKEY
In Turkey, coal is a major fuel source. Hard coal production has continued to decline since the mid 1980s due to various technical problems encountered in the hard coal mining, while lignite production has begun to increase over the same period. An historical summary and projections of coal production and consumption in Turkey are shown in Table 8 , where hard coal and lignite are included (WECTNC, 2004 In Turkey, the electricity is produced by total 32 thermal power plants with a total installed power capacity of 20 418.8 MW. While 15 of these plants are coal-fired power plants which have a share of 47% in total installed power capacity, the share of natural gas fired thermal power plants is 49% in total and natural gas use in thermal power plants show an increasing trend in recent years ( Table 9 ). The remaining thermal power plants having a share of 4% in total utilize diesel and fuel oil.
The rate of coal in energy consumed in Turkey for electricity generation is projected to be 30% and 27% in 2010 and 2020, respectively, with imported coal shares of 6% and 10% over the period, respectively (WECTNC, 2004; SPO, 2004) .
Turkey imports significant amounts of hard coal, mainly from Australia, the United States, South Africa and the former Soviet Union. This coal is used largely to supply Ankara, capital city of Turkey, and three other large municipalities, in all of which to use hard coal rather lignite as a source of heat and power has been preferred in order to prevent pollution resulting from lignite (Demirbas, 2001 
V. OVERVIEW OF CURRENT STATE OF COAL GENERATION SECTOR IN TURKEY
The Turkish energy policy is mainly concentrated on assurance of energy supply in a reliable manner and sufficiently in time, under economic and clean conditions and in a way to support and orientate the target growth and social developments. Given the energy consumption requirements and insufficient domestic supply of energy, the Turkish government has planned to increase investments in the energy sector. According to the government projections, a total of 86.9 billion dollars investment is required in energy production sector by 2020. About 21.7 billion dollars out of this amount is foreseen by the year 2005 (Sari and Soytas, 2004) .
Modern life requires energy. The level of energy consumption is considered one criterion by which a country's level of development is measured. The levels of energy dependency and energy consumption in many developed countries are higher than those of developing countries. However, energy demand is growing sharply in developing countries that are adopting modern technologies. In these countries, most of the energy consumption is based on fossil energy sources (Sayın et al., 2005) . Because of the growing economy, industry, and population, the rate of electric energy consumption has risen in Turkey as well (Figure 2 ). Electric energy consumption per person has increased by about 600% in the last 30 years and reached to a level of 1476 kWh; however, this rate is still under global average (SPO, 2000; Energy Statistics, 2003) .
Turkey has been undergoing privatization of the state enterprises, price liberalization, and integration into the European and global economy. These economic changes introduced in the 1980s were responsible for economic growth of about 40% was achieved between 1990 and 2000 (Central Bank of Turkey, 2004). Turkey's population has reached 72 million and remains one of the fastest growing populations in the OECD countries. Millions of people are moving from Turkey's rural to its urban, industrial, and tourism areas. As a result of this population movement, Turkey must ensure that economic growth is sustainable, accompanied by environmental and social progress (Ocak et al., 2004) . Table 10 presents the distribution of the electric energy production according to the energy sources for the world and for Turkey in 2001. As can be seen from the table, fossil fuel-fired thermal power plants are used to meet most of the increased electric energy demand. Nearly two-thirds (64.2%) of the world's electric energy production (15 546 411GWh) was met from the fossil fuel-fired thermal power plants. On the other hand, in Turkey, 80.2% came from the fossil-fueled power stations. This rate is much higher than those of the world, OECD, non-OECD, and the EU. Figure 3 depicts the changes in the distribution of the fossil fuels in Turkey between 1970 and 2004. A noticeable increase in the consumption of the fossil fuel sources was observed as a result of the increased energy demand in 1990s. In recent years, imported natural gas has played a greater role in power generation. This trend toward natural gas is driven by both economic and environmental concerns. Among the fossil fuels, coal has always had a prominent place. Almost one-fourth (23%) of Turkey's total electric production (149 882GWh) was obtained from coal in 2004. More than three-fifth of the coal was lignite; the remaining was from hard coal (MENR, 2004) . Lignite is a vital source in the production of electric energy because of Turkey's abundance of lignite reserves.
Hard coal, lignite, and asphaltite are produced and consumed in Turkey. The Turkish HC Enterprise (TTK), the State Economic Enterprise (SEE), is the only hard coal producer. The Turkish lignite Enterprise (TKI) produces some of the lignite resources and all asphaltite resources in the country (Sari and Soytas, 2004) .
In 1957 The Turkish lignite Enterprise (TKI) was established affiliated to Ministry of Energy and Natural Resources (MENR). In 1983, as a result of TKI's division The Turkish Hard Coal Enterprise (TTK) separated from TKI. In 1984 some enterprises affiliated to TKI were transferred to EUAS and private sector (Figure 4) . TTK and TKI set the prices of hard coal and lignite for their customers, but these prices are subject to approval by the MENR. These prices do not allow TTK, the Turkish Hard Coal Enterprise, to recover its costs. As a result, the company incurs heavy losses, which are borne by the government. In contrast, TKI, the Turkish Coal Enterprise, does not benefit from direct subsidies any more. Since 1995, the company has been able to cover its costs and gain profit.
The government is considering to privatize TTK and TKI in the long term along with the framework of long-standing privatization programmer. The government also had plans to transfer the operating rights of the most profitable lignite mines to the private sector, especially those owned by TEAS, which deliver coal to mine mouth power plants. Four mines were to be privatized in 1997, and the transfer of operating rights (TOOR) of up to 20 individual mines was to occur in the medium term. However, privatization has actually occurred in only one case, the Cayirhan power plant, through a TOOR procedure. Following difficulties in concluding TOOR contracts with the private sector, the end of the TOOR programmer in the power industry and the possibility for outright privatization opened by constitutional amendments, no further transfers of individual coal mines can be expected. 
VI. CONCLUSIONS
Obtaining energy cleanly, cheaply and securely which is one of the most important parameters of the development of societies is an issue on the agenda of almost all the countries. Countries evolve international law regulations owing to environmental pollution. In addition to this; they carry on research and development (R&D) studies on cheapest and cleanest energy kinds. Moreover they make commercial, political and even military efforts in order to obtain energy continuously. World primary energy demand grew at nearly 3% during 2003, while coal demand grew at 4%, reinforcing coal's continuing essential position in world energy supply. Total recoverable reserves of coal around the world are estimated to be 0.9845 billion tons which is enough to last approximately 220 years at current consumption levels. About 80% of coal is used for electricity generation, while iron and steel production accounts for two-thirds of the remaining coal use.
It is obvious that explored oil and natural gas reserves in the world are run out of within this century. Yet, current coal reserves are sufficient enough to be in use in next 220 years with estimated consumption rate. As a consequence, with growing energy demand, the importance of coal is again put into action in the near future.
Another point we must consider is that instability in oil prices (loss of King Fahd of Saudi Arabia, badly affected oil prices per barrel and the prices were over 60 USD/barrel and this is an example to show instability) affects the developing countries that are especially dependent to import oil. Naturally, for those countries instability in oil prices lead to instability in energy prices. This instability in prices is distracted the attention of the countries to alternative energy resources. One of the alternative resources to oil is coal and Turkey is one of the countries possessing rich coal reserves to be used for energy production in the near future.
Turkey's natural energy resources are quite diversified; hard coal, lignite, asphaltite, oil, natural gas, hydro, geothermal, wood, animal and plant wastes, solar and secondary energy resources, such as coke and briquettes are produced and consumed. Among these, the hard coal and lignite have the greatest importance in energy production and for the national economy.
Turkey is an energy-importing country producing 30 Mtoe but consuming 80 Mtoe. The energy import ratio of Turkey is 65-70% and the majority of this import is based on petroleum and natural gas. Furthermore, while world energy demand increases by 1.8% annually, Turkey's energy demand increases by about 8%.
Turkey has mainly HC and LG reserves with 1.126 Mt and 8.375 Mt as of 2004, respectively. Rich LG reserves are spread all over the country. Turkey's coal reserves constitute 0.6% of the world reserves.
A large portion of Turkey's coal reserves is low-grade. About 69% of Turkey's lignite reserves consist of LG with a lower heating value of 8.374 kJ/kg, while better quality LG of over 12.561 kJ/kg only accounts for approximately 7%. The hard coal has a calorific value between 5650-7250 kcal/kg (23655-30354 kJ/kg).
Undoubtedly, oil and natural gas reserves are insufficient to meet Turkey's energy demand. Therefore these energy sources are imported to a large extent. It is expensive to import these kinds of energy sources, they lack import guarantees and do not contribute any added value to the country's economy, which bring about unfavorable effects. Thus, it becomes important for Turkey to tend towards domestic sources with regard to economy and energy strategies. As a consequence, use of coal, which is one of the domestic resources of Turkey, gains great importance.
